The effect of fluid shear and co-adsorbed proteins on the stability of immobilized fibrinogen and subsequent platelet interactions.
The conformation adopted by the plasma protein fibrinogen upon its adsorption onto synthetic surfaces has been implicated to play an important role in determining the blood compatibility of biomaterials. It has recently been shown that adsorbed fibrinogen undergoes biologically significant conformational changes with increasing residence time on the surface of selected biomaterials. The purpose of this study was to examine the effects of co-adsorbed proteins and shear forces on such time-dependent functional changes in fibrinogen adsorbed onto polyethylene (PE), polytetrafluoroethylene (PTFE), and silicone rubber (SR). Fibrinogen was adsorbed onto these materials for 1 min and then allowed to 'reside' on these surfaces for up to 2 h prior to assessing its biological activity. Changes in fibrinogen reactivity were determined by measuring the adhesion of 51Cr-labeled platelets and the ability of blood plasma to displace previously adsorbed fibrinogen. The magnitude of platelet adhesion to substrates adsorbed with pure fibrinogen increased in the presence of shear, compared with static conditions; at the lowest shear rate of 200 s(-1), samples exhibited a 20-fold increase in adhered platelet levels. In contrast, at a higher shear rate of 1000 s(-1), the three polymers supported minimal levels of platelet attachment. Surfaces pre-adsorbed with 10% plasma did not promote a significant increase in the number of adherent platelets with increasing shear when compared with the pure fibrinogen-coated substrates. The presence of shear also significantly altered the materials' ability to retain fibrinogen. Under static conditions, the amount of fibrinogen retained following incubation in blood plasma increased on all materials with increasing fibrinogen residence time. However, the materials varied distinctly in their ability to retain adsorbed fibrinogen with increasing fibrinogen residence time, shear rate, and nature of the co-adsorbed proteins. Thus, the results from this study indicate that fluid shear, residence time of the adsorbed protein, nature of the co-adsorbed proteins, and surface chemistry of the material all play important roles in influencing platelet-surface interactions and that they act in a complex manner to influence the biocompatibility of a material.